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Introduction 
Cardiac arrest can be divided into true cardiac arrest 
~ and ventricular fibrillation. In the more common clinical va-
riety or true cardiac arrest, the fibers are actually at rest. 
True cardiac arrest can be further .subdivided into true mechan-
ical arrest (where the myocardium ceases to contract ~~th Qr 
without electrical activity), and into true electrical arrest 
(where there is neither mechanical nor electrical activity~. 
0 
In ventricular fibrillation the individual muscle fibers are 
contracting out of phase and incoordinate with one another. Con 
sequently, the heart fails to produce (a) a distinct QRS com-
plex on the E.K.G., {b) a beat, and (c).a·cardiac output. 
Mammals phylogenetically more primitive than the dog 
exhibit transient fibrillation, i.e. induced fibrillation re-
verts spontaneously to normal sinus rhythm (58). In man and 
the dog on the other hand fibrillation is not spontaneously re-
versible, if the fib~illatory period is longer than two minutes 
(32). 
Ventricular fibrillation on the operating table is a 
surgical castastrophe for which adequate methods of alleviation 
have not been validated. Such catastrophes acco~ding to the 
~ 
literature occur approximately twice a·year in' every hospital 
of moderate size. It has been the purpose of the research pro-
gram to explore in an orderly fashion methods of resuscitating 
the fibrillating ventricle by electric countershock. 
Resuscitation from fibrillation demands that a cardiac 
iv 
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output adequate to maintain viability of the brain be maintain-
ed by massage during the period of fibrillation, and necessi-
tates that a coordinated beat be reestablished. The problem 
of survival as differentiated from resuscitation must also be 
studied if a truly satisfactory method is to be developed. 
Clinical ventricular fibrillation was duplicated as closely as 
possible. It was produced by applying low voltage alternating 
current to the heart of the anesthetized dog. 
In our laboratory Stearns et al (69) in 1951 ~stablish 
ed for the dog under ether that: (a) Cardiac massage alone coulc 
not defibrillate the heart; (b) intrapericardiac or intracar-
di~c procaine likewise failed to defibrillate the heart; and 
{c) alternating current coun~ershock was a dependable defibril-
lating agent. Therefore, from the pool of unsolved problems, 
the following were investigated: (a) The influence of pattern 
of alternating current countershock on cardiac defibrillation, 
including (l) a study of the relative merits of serial volleys 
and long and short single Yolleys (see procedure for defini-
tion), (2) the feasibility of substituting duration for voltage 
{b) the effectiveness of epinephrine alone as a means of defi-
brillating the heart; :(c) the importance of the effect of dura-· 
tion of efficient massage in obtaining defibrillation; and (d) 
the deleterious effect of countershock on the heart of the sur-
viving dog. 
v 
Literature 
The incidence of death from ventricular fibrillation 
0 has made this a subject of special interest in the fields of 
preventive and curative medicine alike. Therefore, experimen-
0 
tation must continue for the purpose of preventing those condi-
tions which cause fibrillation to occur, i.e. render the ven-
tricles less susceptible to fibrillation and devise means for 
the resuscitation of the fibrillating heart. Moreover, it is 
also necessary to understand the physiologic factors which 
determine success or failure in any given instance. 
Wiggers (81) claimed ventricular fibrillation may be 
divided into four stages on the basis of surface changes, 
electrocardiogram de~lections, and intraventricular pressure 
variation, namely: (a) the initial stage of tachysystole, (b) 
the convulsive incoordination, (c) the tremulous incoordination, 
~nd finally (d) the atonic incoordination. 
A survey of the literature reveals many causes of 
rentricular fibrillation. These causes can be arbitrarily di-
Vided into two groups as inferred from clinical coincidence and 
Prom experimental production. The following Eight be classified 
1nder the former h~ading: electrocution (86), cardiac trauma {35} 
ncluding cardiac wounds and incision or manipulation {8,85), 
1 
~oronary thrombosis (8), light anesthesia and vagal impulses 
35,43),~~xcess of digitalis (85), excess of quinidine, procaine, 
pinephrine, epinephrine with cyclopropane or chloroform (87), 
and epinephrine administere4 to the arrested heart (63). Like-
--==~~~~~~====================t====jj=== 
wise, those classified under experimental production might be: 
low voltage shocks (8,35,81,82,85), mechanical irritation (85), 
~ excess of digitalis (85), excess of quinidine (85), ether, hy-
poxia and procaine (80), excess of epinephrine (85), epineph-
rine with cyclopropane, ethyl chloride or chlorQform (63), 
epinephrine administered to the arrested heart (5,9,21,41,86), 
hypothermia (42), and ligation of a single coronary artery (8, 
0 
J 
35,85,86). 
Since Weinberger (79) had demonstrated experimentally 
that interruption of the circulation to the brain for three 
minutes or longer resulted in permanent changes in psychic be-
havior, one of the fundamental problems of reviva1 from ventri~ 
ular fibrillation consists ~ither in finding a means of blood 
circulation which can be employed within the first three minute 
or in devising expedients by which forceful heart bears can be 
restored. Manual compression of the heart (cardiac massage) 
will supply the myocardium and the brain with oxygenated blood 
during the period of fibrillation. Consequently, upon fibril-
lation immediate commencement of artificial respiration with 
one hundred per cent oxygen and immediate cardiac massage are 
' 
reco:rmp.ended by most pbservers C3,4,9,21,35,63,86) as' a 1means of 
maintaining life until the heart is resuscitated. · 
In 1850 Hoffa and ~udwig (31) first showed that the 
dire·ct a]:plication ·of strong direct current or faradic current 
' 
to the ventricles of the dog heart caused an aboli ti·<Vn of the 
normal be'at. Later, Vulpian { 77) clearly described fibrillation 
2 
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as follows: "As soon as the electrodes are in contact with the 
right ventricle, the two ventricles become the seat of a strong 
muscular trembling and systoles of these chambers immediately 
stop. • •• The trembling which is produced the instant of 
application of current continues after the electrodes are re-
moved. This movement, irregular and incoherent from various 
points on the ventricle, is at first very violent;· it lasts for 
three or four minutes and is rapidly changed into a wiggling or 
a 'fremissement fibrillaire' which lasts ~or about three or 
four minutes. Then all movement of' the ventricles ceases." 
Herz-delirium, delirium cordis~ fibrillar contraction, inter-
veriform movement and undulatoire are other names applied to 
this fibrillatory movement. By utilizing direct current, Mayer 
and Herbst (30) also induced fibrillation with a saline covered 
copper wire electrode mounted on the heart of the dog. Upon 
introducing ~l~ctrodes in the anus and mouth of dogs, rabbits, 
and guinea pigs, Prevost (58) in two hundred and seventy exper-
iments produced generalized muscular contractions, clonic and 
tonic convulsions, respiratory arrest, and cardiac arrest or 
fibrillation. 
Prevost and Battelli (59) were the first to resusci-
tate the fibrillating ventricle with electric countershock. 
They applied wet cloth-covered metallic disc electrodes direct-
ly to the anterior surface of the ventricles of the dog. Vfllen 
charges obtained from an induction coil of 4800 volts and a 
capacitance of 0.63 fJ'f or 1.74pf were applied to the heart of 
3 
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the cat and the dog respectively, beats were restored to the 
fibrillating heart. 
Following these successful resuscitation attempts of 
Prevost, further investigators during this half century have 
attempted to discover other methods of defibrillating the mam-
malian heart. Infusions of potassium, {86), barium chloride 
{23), potassium chloride, and calcium chloride (5,8,9,24,32,81, 
82,86), procaine (46,67,71), epinephrine (5,9,21,23,41,86), 
caffeine {5), camphor (5), coramine (5,23), metrazol (5), 
strychnine (5), metycaine and novacaine (5); applicat~on of 
cold {48); cardiocentesis or mechanical stimulation by a needle 
(5,43,72); and cardiac massage (9,23,69,72) have all consistent• 
ly failed to resuscitate the fibrillating heart of dog and man. 
Eotassium chloride plus calcium chloride have succeeded in de-
fibrillating the dog heart in a few trials {86). Such drugs as 
caffeine, camphor, metrazol, strychnine, and coramine stimulate 
the central nervous system and therefore increase the oxygen 
demand and aggravate the dangers from cerebral anoxia (87). 
4 
The administration of drugs, i.e. epinephrine {9,35,41,63,86;871 , 
procaine hydrochloride (8,9,10,21,23,35,41,43,50,63,87), cal-
cium chloride {9,41,63,87}, atropine (63), barium chloride (23, 
87), quinidine (87), coramine (23); and whole blood given by 
vein (35) has been recommended as a means of reinforcement to 
the reestablished heart beat. Although a few investigators 
(64,65,66,90) have reported cases of spontaneous defibrillation 
in man, it is generally agreed by most investigators and exper-
0 
0 
imentally confir.med in the dog (32) that ventricular fibril-
lation enduring more than two minutes is irreversible. 
Although alternating current countershocks are known 
to produce burns to the myocardium upon direct application (46, 
50,69) and operation of electrical resuscitator devices are 
known to be vary dangerous (24), electric countershock is still 
the only succeGs~ul defibrillation procedure. Beck {8) and 
~utz (50) believed, however, that upon applying bare metal 
electrodes to the heart, local burns are not produced provid-
ing there is a large area of contact with the heart. Hooker 
(33) showed that the dog ventricles can be defibrillated and 
natural coordinated beats restored by the passage of a sixty 
cycle alternating current of about one ampere (lasting 0.1 to 
0.5 seconds) through padded electrodes to the heart. Currents 
up to 0.4 amperes applied for five seconds caused fibrillation 
and currents of 0.8 amperes or more stopped fibrillation. A 
current of 0.8 amperes did not cause fibrillation and in no 
case did a current of 0.45 amperes stop fibrillation. He (32) 
also indicated that the longer a heart fibrillated the more 
difficult and uncertain is resuscitation. By utilizing very 
strong alternating current (3,000 volts which gave 25-30 am-
peres) applied through moistened padded electrodes on the chest 
surface and over the shoulder blade of sheep, Ferris (24) resus 
citated fifty-seven per cent of one hundred and fifty-eight 
trials. Massaging the heart before rather than after applica-
tion of the countershock enabled Wiggers (84) to revive eighty-
5 
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five per cent of dog hearts fibrillating for five to seven 
minutes without the use of drugs. 
Wegria and Wiggers (78) modified the countershock 
method by the application of serial defibrillation. This mod-
ification consists of applying to the ventricles, through padd-
ed electrodes, a.series of brief alternating current volleys. 
Each volley lasted less than one second, and had a strength of 
approximately one ampere; one or two seconds elapsed between 
the volleys. As a rule from three to seven volleys were suffi-
cient. By this method they obtained ninety-nine perlcent de-
fibrillation in the hearts of three hundred and twenty-eight 
dogs. Mackay (46) recommended 110 volt alternating current 
volleys applied as serial volleys of 0.1 second duration given 
at approximately one second intervals as the best type of coun-
tershock for stopping ventricular fibrillation in the dog. 
Zimdahl (89), Sch\~rtz (64,65,66) and Moe (52) report-
ed a few patients in which there was a spontaneous recovery 
from ventricular fibrillation. However, most of these are of 
very brief duration. Reports of spontaneous recovery after 
more than ninety seconds of fibrillation are reluctantly be-
lieved by most investigators as doubt exists as to whether ven-
tricular fibrillation was actually present. Persistence of 
ventricular tachycardia or flutter may be difficult to differ-
~ entiate from fibrillation. 
In regard to actual clinical application, Beck (9,~0) 
in 1947, utilized alternating current of 1.5 amperes to tra~s-
6 
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verse the heart. He found that a series of shocks was neces-
sary to accomplish defibrillation. Defibrillation of the human 
ventricle on the operating table was performed five times but 
all patients subsequently died without regaining consciousne~s. 
The first survival in man after electric defibrillation was 
reported by Beck (10). By employing alternating current of 
1.0 to 1.5 amperes, six patients were resuscitated of which 
three are normal after two years (35). Two other patients with 
ventricular fibrillation occurring during surgery were also 
treated successfully by electrical defibrillation (41). Both 
recovered completely without evidence of neurological changes. 
Defibrillation was accomplished at five amperes. 
A ty.pical alternating current defibrillator (70) con-
sists es·~entially'of an isolating transformer, a current limit-
ing resistor, and a reliable rapidly-acting switch. The power 
source is obtained from the house current through a limiting 
resistor. Specifically, Kouwenhoven (41} and Southworth {68} 
employed a variable voltage transformer (variac) to obtain 130-
135 volts, a 609 watt isolating transformer, and a foot switch. 
The contact discs of the cardiac electrode may vary in size and 
in type of metal utilized. The size ranges between one and 
thirteen centimeters in diameter, namely: 1 em. (30,33), 2.8 
em., 3.6 em., 4·4 cm ... (41), 3.5 em. (50), 4.5 em. (17}, 3 to 6 
~ em. (68), 6 em. (9), 5 to 7.6 em. (21,35,70), and 12.7 em. (8}, 
while the metals include aluminium (68), soft copper (35,46,70), 
copper wire (30}, brass (21,33,41}, and silver {8). Saline 
7 
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gauze pads covered the electrode discs in the majority of 
trials (24,30,32,33). 
The methods of cardiac massage can be divided into 
transabdominal and transthoracic massage. Transabdominal mas-
sage includes the following: Massage of the heart between the 
intact diaphragm and thoracic wall with only the apex available 
(transperitoneal subdiaphragmatic}(4,5,34,47); massage of the 
heart between the diaphragm below and the thumb anteriorly 
through a nick in the diaphragm at its attachment to the xyph-
oicr {transperitoneal transdiaphragmatic)(5,22,54); and massage 
of the heart with the whole hand placed through an incision in 
the diaphragm (complete transdiaphragmatic){3,47,54); none of 
these ty~es allow efficient emptying of the ventricles. Trans-
thoracic massage (5,34,35) is most commonly approached through 
the left fourth interspace after sectioning of the fourth and 
fifth cartilages. The heart is grasped in one or both hands 
with the pericardium left intact or opened. The heart has been 
massaged at rates of twenty compressions per minute (21,44), 
thirty compressions per minute (34), forty compressions permilr 
ute (5,13,21,63,83), fifty compressions per minute (5), sixty 
compressions per minute (34), eighty compressions per minute 
(16,54), and one hundred and twenty compressions per minute ~4, 
35) by various investigators. There has been only one attempt 
to determine effectiveness of cardiac massage rates and this 
was based on blood flow measurement (34). 
8 
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Procedure 
Ether was administered by the open method to one hun-
. 
dred and fifty-nine~mongrel dogs weighing between nine and 
eighteen kilograms. Anesthesia was thereafter maintained by 
means of a Wolff bottle connected through a cuffed endotracheal 
tube. Mean arterial pressure (I~) was recorded from the right 
femoral artery by means of a mercury manometer. The average 
height or the mercury excursion over a ~eriod of three minutes 
or longer was accepted as the MAP criterion for the interval. 
The thorax was opened at the left fourth interspace, 
the incision extending from the border of the latissimus dorsi 
and posterior axillary line to the costal cartilages anterior-
ly. With a push-pull type of respirator operating at a rate of 
seventeen inflations per minute, the lungs were oxygenated with 
one hundred per cent oxygen. The pericardium was left intact. 
The mediastinal connections were broken except for those to the 
diaphragm. Fibrillation was induced electrically by four volts 
alternating current applied through a Porter electrode to the 
left ventricle~ A period of two minutes was permitted to elaps 
durirrg which existence of ventricular fibrillation was confirm-
ed by E.K.G. recordings, by the maintained fall in MAP, and by 
direct observation of the heart. 
Placing the left hand through the left side of the 
chest of the dog, cardiac massage was then instituted. The 
heart was cupped between the second, third, and fourth fingers 
9 
on the dorsal side of the right ventricle and the base of the 
thumb on the ventral side of the left ventricle. Complete 
~ relaxation of the hand, allowing the heart to fall back to its 
normal position was $hown to be essential to adequate filling 
of the heart. Three minutes of massage preceded any further 
treatment. 
Resistance measurements of the fibrillating heart were 
made by means of alternating current ohmmeter readings, and 
were likewise calculated from the rapid reading of an ammeter 
in the circuit and the voltage regulating variac. The desired 
voltage was governed by setting the variac on the resuscitator. 
Calibration of the device by direct voltmeter readings showed 
that the voltage delivered across a heart in the circuit was: 
(see table 6 for data) 
Variac Readings {volts) 200 200 250 300. 
Approximate Corrected 85 165 200 240 
Voltage .. 
'-
The alternating current countershock apparatus was 
that employed by Stearns (69) (see diagram 1). It consisted 
prim&rily-of a high voltage isolating transformer, a variable" 
autotransformer, and a rapidly acting switch. The circuit dia-
gram for the condenser discharge apparatus appears in diagram 
~ 2. The electrode consisted fundamentally of two plastic bars, 
each composed of .two isolated strips, hinged together at one 
end, and with metal discs oppositely attached on the inner plas 
tic surfac~ at the other end. The spring tension across the 
10 
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bars of the electrode to insure good conta~t was approximately 
100 grams (see diagram 3). Metal discs ranging from 3.5 to 4.7 
centimeters cover~d with moistened saline gauze were used. Bare 
,. 
discs were also tiied. Countershock volleys and shocks were 
repeatedly applied between intervals of massage until defibril-
lation was maintained or until that time when conditions indi-
cated failure. Throughout this paper, a shock is defined as a 
single spike of electricity while a volley is defined as a 
series of shocks. "Volley" is applicable to alternating curren 
because a number of sixty cycle waves are released within any 
finite interval. "Shock" is applicable to condenser discharge 
and direct current as only one wave is discharged within the 
• interval. Epinephrine, phenylephrine (neosynephrine), ouabain, 
methoxamine, and atropine were administered by in~racardiac 
puncture into the left ventricle or by means of an intravenous 
catheter extending. from the femoral vein to the superior vena 
cava. 
After resuscitation of the heart, the chest of the 
animal was surgically closed. Resuscitation is defined as the 
return of the heart beat after ventricular fibrillation. Ini-
tially, penicillin in a dose of 150,000 units was administered 
prophylactically by the intramuscular route, and subsequently 
in 75,000 uni t.·doses on each of the three succeeding days. 
Some hearts, whether defibrillated or not, were sub-
jected to gross and microscopic examination. Dogs surviving 
fourteen days were purposely sacrificed. Sur~±val was defined 
11 
as present in those dogs living twenty-four hours or more. 
Since the term "massage" is frequently used in the 
~ literature, the same terminology is employed throughout this 
paper •. However, manual compression would be a more accurate 
substitute. 
0 
The heart o~ a dog was subjected to one of the pro-
cedures outlined in the experimental design chartse It can be 
noted upon examination of the charts that the dogs are divided 
into twelve s~ries as listed in the ~irst column. The headings 
for a specific series are ~ound directly above the given series 
or at the top of the page. A description of the procedure for 
each dog in an individual series appears in the horizontal 
rows. 
12 
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Series Experimental Exp. 
No. Purnose No. 
I Most Efficient (a) 
Rate of" Massage (b) 
II Effect of Epi-
nephrine Af? A 
Cardiac Defib. 
III Determin?,tion (a) 
of Pathological 
Effects Induced 
On the Heart (b) 
Under Specific 
Conditions (c) 
(d) 
(e) 
( t) 
u 
EXPERIMENTAL DESIGN CHART 1 
Fibrillation 
Without Massage Rate VarJ.ous Mass. ..t!:pJ.nepnrJ.ne lVlassage var:~.ous 
Massage 25 Comp./min. Rates- 3 min. 3 mcg./kg. quick Rate Massage Rate~ 
each 1 mcg./kg./1' inf. 25/min. 3 min. each 
2 min. ' 5 min. 17' 51, 34 5 min. 34, 17, 51 5 min. 
2 min. 25.50.25 etc. 
Epinephrine-~ cc./min. Epinephrine Various 
=3 mcg./kg./1' 10 mcg./kg.quick Mass. Rates 
2 min. 12 min. 11 to 35 min. - 3 min. after Started with 
former infusion epi infusion 
started in some cases 
Anesthesia Procedure 
Pentobarbital Screening derivatives of veratrum alkaloids 
Sodium 
. 
Ether - cau£;Je Open chest at Massage 25 comp./ 
cardiac arrest 4th interspace min. for 3 min. 
Ether Open chest at 
4th interspace 
Ether Open chest at Hypoxia condition 
4th interspace induced by bleeding 
from femoral artery 
Ether Open chest at Heart fibrillated 
4th interspace by 4 volts- Porter 
electrode -
Ether Open chest at Heart fibrillated Massage 25 comp./ 
4th interspace by 4 volts- Perter 
electrode 
min. for 3 min. 
1-' 
~ 
I 
Series 
No. 
u 
EXPerimental 
Purpose 
IV -, Du}>lication: o~ A. C.. ~ 
Countershock by Stearns 
V I E~~icacy o~ Serial Volleys 
at Various Voltages 
VI IE~~icacy of Medium Single 
A.C. Volley at High Voltages 
VII IE~~icacy of Medium Single 
A.C. Volley at Low Voltages 
--VIII 1 E~~icacy o~ Long Single A. C. 
Volley at Minimum Voltage 
IX I Ef~icacy o~. Serial A. C. 
-x 
Volleys at Low Voltage 
E~ficacy o~ Serial A.C. 
Volleys at Low Voltage 
XI IEfficacy,of Single D.C. 
Shock at Various Voltages 
XII !Efficacy of Single (Spike) 
Condenser Discharge Shock 
at Various Voltages 
u 
EXPERIMENTAL DESIGN CHART 2 
De~ibrillation*- A.C~ Cquntershock (IV-X) 
r-------~--------------1 Direct Current (XI), Condenser Discharge (XII), Massage with Intervals ~or Attempts 
0~ Defibrillation by Countershock 
Fibrillation 
Without 
Massage 
2 min. 
2 min. 
2 min. 
2 min. 
2 min. 
2 min. 
2 min. 
2 min. 
2 min. 
Massage .. Rate 
25 comp./min. 
3 min. 
3 min. 
3 min. 
3 min. 
3 min. 
3 min. 
3 min. 
3 min~ 
3 min. 
Yarious pattertrs and intensities 
10 serial volleys over 2 sec. at 85, 165, 
200, 240, 275 volts respectively 
l long (2 sec.) countershock volley at 
_ 240 volts 
1 long (2 sec.) countershock volley at 
165 volts 
1 long (10 sec.) countershock volley at 
$5 v:Glts 
5 serial volleys over 1·sec. at 200 
J. volt countershock 
10 seria~ volleys over 2 sec. at 200 
volt @Ountershock 
1 ·Direct Current shock (0.3-10 sec.) at· 
110 and 200 volts 
1 Condenser Discharge shock (spike) fnom 
128 mic:t;-ofa±ads .. ·a.:et~r-: charging at 
400 to 1500 volts 
*Countershocks were. repeatedly applied between intervals of massage until defibrillation 
was maintained or until that time when conditions indicated' failure. 
Epine}>hrine, neosynephrine, and methoxamine were ueed ad libitium to support the blood pressure 
once the heart beat was reestablished. Ouabain, atropine and morphine were administered 
in some trials in series XII in an attempt to increase the survival ~ate~··, ~ 
~ 
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Results 
The effect of cardiac massage rate on MAP of dogs 
whose ventricles were fibrillating is presented in tables 1 and 
2. Series I (a) was the first series of dogs massaged by the 
writer. The poor blood pressures developed in constrast to 
those seen in series I (b) which were done after long practice 
attest to the great importance of practice in cardiac massage. 
Series I (b) shows that twenty-five per minute is a more effec-
tive rate than fifty though the differences are not striking. 
The marked difference in fatigue of the operator and in physica· 
trauma to the heart recommend the slower rate. Table 2 and 
graph 1 also support the importance of practice. The blood 
pressure evoked by a cardiac massage rate of twenty-five com-
pressions per minute throughout the duration of an experiment 
is also represented in graph 1. Effective massage MAP is main-
tained for a twelve minute duration in each of the three groups 
thereafter receding slowly. 
Examination of table 3 reveals that massage (twenty-
five compressions per minute) and epinephrine (3 mcg./kg./ min-
ute continually infused for as much as thirty-five minutes) 
alone did not defibrillate the heart in any of the twelve dogs 
in which tried. Before the spontaneous beat was reestablished, 
I 
epinephrine (0.25-0.5 mg. administered in single doses for 16-
29 minutes after the induction of fibrillation) increased the 
massage MAP from an average of 80 mm. mercury to 121 mm. mer-
cury in six oases. Electromanometer blood pressure measurements 
13 
) 
) 
verified as maximal some readings obtained by means of the mer-
cury manometer. 
In tables 4 and 5 are listed resistance measurements 
of the heart. Specifically, a comparison of calculated resis-
tance (V/I) and direct ohmmeter readings are revealed in table 
4. Since resistance is a function of current and voltage, 
these components in the for.mer measurement were recorded from 
a rapidly operating ammeter and a known variac adjustment. Re-
sistance measurements were again read directly f~om an alter-
nating current ohmmeter. The resistance of the heart calculat-
ed from the alternating current meters shows a decreased re-
sistance with an increased current (table 5). This confirms 
the results of Mackay (46). 
The duplication of the work of Stearns (69), i.e. de-
fib~i~lation by means of alternating current countershock of 
the heart of the dog, is illustrated in series IV o~ table 7. 
The comparative effects of alternating current countershock and 
condenser discharge countershock are contained in tables 7 and 
8. Cardiac resuscitation from fibrillation in the dog was suc-
cessfully accomplished by means of a volley of alternating cur-
rent, or by means of a shock of direct current or a shock of 
condenser discharge. Serial defibrillation by alternating cur-
rent countershock (10 rapid volleys within 10 seconds) at 240 
volts (approximately 3 amperes) is found in series V of table 7 
to be effective for defibrillation, namely 9 of 10 cases. A 
single condenser discharge countershock (128ypf charged at 1000 
14 
) 
to 1500 volts discharged through the heart alone) resuscitated 
the ~ibr~llating heart in 76% o~ 38 cases. The e~~ect of pat-
tern of alternating current countershock and the result of 
countershock on resuscitation and survival are recorded in 
table 9. Failure o~ a given pattern in the ~irst attempt was 
~ollowed by application of the same or another pattern in suc-
cessive attempts until resuscitation occurred or until the ac-
cepted criteria indicated the furtility of ~urther attempts. 
Success o~ resuscitation did not vary inversely with the number 
o~ aaternating c~rrent countershockmng attempts. A medium sin-
gle volley was the most e~~icient countershock pattern ~or re-
suscitation in the initial attempts. 
Of eighty-three ~ibrillating hearts which were even-
tually returned to rhythmic beating by countershock, only two 
passed through a demonstrated phase o~ cardiac arrest. In con-
trast to data of Rooker (32), no relationship between d~ration 
o~ fibrillation ~or at least sixteen minutes and resuscitation 
or survival was found. See graph 2. 
Tables 7 and 8 reveal the ~ollowing: 0~ ~orty-six 
cases mesuscitated by alternating current countershock, twenty 
survived; o~ two cases (~ive eases tried) resuscitated by ai-
rect current countershock, one survived; o~ twenty-nine cases 
resuscitated by condenser discharge countershock, fi~teen sur-
vived. 
Cardiac pathology. induced by the experimental proced-
ures is itemized in tables 10, 11, 12, and 13. In hearts sue-
15 
cessfully defibrillated, alternating current countershock pro-
duced more severe burns on the myocardium than condenser dis-
charge countershock which can be noted after comparing tables 
11, 12, and 13. 
16 
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TABLE 1 
ME.Al'if, STANDARD DEVIATION, AND STANDARD ERROR (~) OF "SPONTANEOUS" AND "MASSAGE" 
ARTERIAL PRESSURES IN A TOTAL OF FOURTEEN DOGS AT VARIOUS MASSAGE RATES 
Series I {a): December 1950 
No. of'. -_ Spontaneous Massage 
Dogs Intact Arti:r. 25/min./ 17/min./ 51/min./ 34/min./ Epinephrine 34/min./ 17/min./ 51/min./ 
3 min. 3 min. 1 /kg./1'/ 3 min. 3 min. 3 min. Resp. 3 min. 
4 132 :!'18.9 156't17.0 63 ~ 15.1 (S ±:9.5) {S :t-8.5) (S~ 8.5) 
Series I {b): March 1952 
No. of' Spontaneous 
Dogs Intact Arti:r. 
Resp. 
5 144 ±: 16.6 141 :t.17. 9 (S.:t7.4) (S:!:8.0) 
5 133 :t 22.4 ( S1:10. 0) 127 ±. 23.1 (S ::t 10. 3) 
3 min. 
5 min. 
41 ± 6.6 I 31:!: 4.6 24 :t: 2.1 27:!: 4.6 
(S~3-3} {S :r-2.3) ( s .±" 1.1) (S-!:2.3) 
25/min./ 50/min./ 
Massage 
25/min./ 
3 min. 3 min. 3 min. 
121 ±. 2i.o 105 :t 26.2 115 t 32.3 {8±9.4) (S:!: 11. 7) ( s ±' 14.4) 
50/min./ 25/min./ 50/min./ 
3 min. r ·~ • ! 3 min. . ;,· mn • , 
117 ± 16.3 125 ± 30.1 100 :t 39.6 
{8±7-3) (S ±"13.4) (S:t17.7) 
-
22 ± 3.6 
(S±-2.1) 
50/min./ 
3 .min. 
90±39-3 (S:t17.5) 
25/min./ 
3 min. 
96 .:t 51.7 
(S!: 23.1) 
18-:!: 4· 2 17±.3.0 (S:!: 2.4) (St2.3) 
. 
25/min./ 
3 min. 
90 :t: 39-4 (S:!:17.6) 
50/min./ 
3 min. 
76 ± 37-5 (S ~ 16.7) 
1-J 
~ 
Ill 
! 
·o 0 
TABLE 2 
JYm.AN, STANDARD DEVIATION, .AND STANDARD ERROR ( S) OF "SPONTANEOUS" .AND "MASSAGE" 
ARTERIAL PRESSURES OF COMBINED SERIES IV, V, VI,- VII, VIII, IX, X, XI, - AND XII 
Spontaneous Massage 25 Compressions Per Minute 
Intact I Artif. 1-3 min. 3-6 min. 6-9 min. 9-12 min. 12-15 min 
Resp. II 
. VI I I ,, Ser~es IV, V, & : 
INo. of Dogs Invo1v- 34 34 - 34 I 30 I 24 I 19 I 8 
ed at Interval 
-
!Mean,- S.D. & (S) 138:!26.5 140:t24.5 97 ± 16.6 89 ± 21.3 88:!: 26.3 84 :t 20 .1 I 7 5 -r. 22 • 7 
(8-:!:: 4.6) (S±4.2) (S :!:'2.9) (S:t3.9) (S:!:5.4) (S:t4.6) (S.:r8.0) 
~ 
Series VII, VIII,:IX, X-,~-BC~XI: 
bo. of Dogs Invo1v-l 40 I 40 I 40 I 32 I 26 I 2.3 I 17 
ed at Interval I 
Mean, S.D. & (S) 1137±15.3 136-r16. 3 94 ± 22.4 97.:t33.8 95 :t32.7 88 .t- 36.0 84 :t 31.1 (S :t: 2.4) (S::!: 2.6) (Sz3.5) (S.:!: 5.9) (S-:!:6.4) (S .t= 7.5) (S::!:7.5) 
Series XII: I 
bo. of Dogs Invo1v-l 37 I 37 I 37 I 29 I 26 I 23 I 17 
ed at Interval 
I 
~ean, S.D. & (S) 1133"!19. 5 135=-21. 8 108:!: 24.4 118:t27 .8 110:!::28.0 lOOt26. 3 I 93 ± 24.4 (S r 3.2) (S .:t 3.6) (S:t 4.0) . (S ~ 5.2) (S±5.3) (S:!: 5.5) (8.± 5.9) 
-- -- -------
!-' 
0" 
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GRAPH 1 
' EFFECT OF PRACTICE AND DURATION 
OF MASSAGE OF THE FIBRILLATING VENTRICLE ON MAP 
(Data of Table 2) 
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TABLE 3 
EPINEPHRINE ( 3 mcg./kg./min.) FAILS .AS .A CARDIAC 
DEFIBRILLATOR \~ ADMINISTERED FOR THE TIMES LISTED BELOW 
(~ther Infusion Concentrations And Times Were Not .Attempted) 
Series II 
Number of Dogs 12 
Duration of Epinephrine 1- 11 min. 
Infusion 4- 14 min. (Number of Dogs-, Time) 1- 25 min. 
5- 30 min. 
1- 35 min. 
Total Fibrillation Time 0 < 25 min. (No. of Dogs-, Time) 4- 26 to 29 min. 
4- 30 to 39 min. 
3- 40 to 49 min. 
1 < 70 min. 
16 d 
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TABLE 4 
DIRECT HEART RESISTANCE MEASUREMENTS COMPARED WITH 
0 CALCULATED RESISTANCE (V /I) FROM RESUSCITATOR ON TEN BEARTS 
I 
Variac Adjustment Ammeter Calculated Direct Reading 
Volts .Amps. Resistance of' Ohmmeter (V/I} O.bms Ohms 
l 85 0.4 212 210 
85 0.8 106 180 
- 85 0.7 122 180 
a; 1.1 l~ 200 :Ul95 2.6 200 
! 
85 1.5 ~7 170 
85 
I 
1.1 77 
85 0.6 141 
85 1.0 85 250 
85 0.3 282 280 
85 0.2 425 
8.5 0.4 212 2.50 
8-5 o.o 
--- 450 
165 1.3 127 500 
165 1.4 118 370 
85 0.2 425 400 
165 1.8 92 
85 o:o 
---
165 1.5 110 310 
85 0.1 850 300 
130 . 0.5 260 
165 1.0 165 450 
-
85 0.2 425 370 85 0.2 425 
130 0.7 186 
165 1.4 118 
0 185 1.7 109 260 
165 1.6 103 120 
185 3.0 62 100 
165 2.2 75 . 70 
185 2.8 66 . 70 
TABLE 5 
0 HEART RESISTANCE (V/I) CALCULATED FROM .ALTERNATD\!G CURRENT 
0 
SERIAL MEASUIDlli~TS ON A SINGLE HEART 
Voltage Current Calculated Resistance 
.Amps. (V/I) 011ms 
50 0.4 125 
66 0.8 $6 
90 1.1 82 
110 1.3 85 
130 1.8 72 
150 2.0 75 
170 2.9 59 
Resistance Of' Isolated Heart With Blood ' . ~ . . . . . . . .
Resistance O:r Isolated Heart Without Blood 
Resistance Of' Blood Only At Heart Diameter 
• • • • • • • 
• • • • e • • 
110 ohms 
200 ohms 
450 ohms 
16 :r 
0 
0 
TABLE 6 
COMPARISON OF VARIAC VOLTAGE OUTPUT DIRECTLY AGAINST VOLTMETER 
READINGS ( 1} WITHOUT A RESISTOR YVITHIN THE CIRCUIT, ( 2) WITH 
A 100 OHM RESISTOR WITHIN THE CIRCUIT, ( 3} WITH A $00 QEJ.Il[ 
RESISTOR WITHIN THE: CIRCUIT, AND ( 4) WITH TEE HEART OF A 
DOG VUTBIN TEE CIRCUIT 
Variac Voltmeter Readings (Volts) 
Adjustment (1) (2) (3} (4) (Volts) (a)* (b) (a) (b) (c) 
50 50 50 40 40 42 45 
100 ibo 90 85 95 85 9Q 85 
. 
150 150 130 130 140 130 128 125 
200 210 165 ~70 190 160 168 ~ 165 
250 250 210 220 240 210 200 200 
300 290 210 220 278 240 230 245 
350 340 320 
400 . 390 374 
500 480 466 I 
*(a), (b), and (c) denote series within a particular group 
- - . 
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TABLE 7 
CO~PARATIVE EFFECTS OF ALTERNATING CURRENT COUNTERSHOCK VITTH REGARD TO INDIVIDUAL SERIES (IN VERTICAL COLUMNS) AND VARIOUS FACTORS (IN HORIZONTAL ROWS) 16 h 
(SEE EXPERINillNTAL DESIGN CHART 2 FOR THEEXACT PROCEDURE IN THE INDIVIDUAL S~RIES) 
Series IV Series V Series VI Series VII Series VIII Series IX Series X I 
Pattern Of Countershock Duplication of 10 serial D. long (2 sec. 1 long (2 sec.) 1 long (10 sec.) 5 serial volleys 10 serial volleys 
A.C. Volleys volleys ~t 240 volts at 165 volts at 85 volts at 200 volts at 200 volts 
by Stearns 
v 
Number Of Dogs 16 10 11 12 9 10 4 
Voltage Required For 3- 165 2- 165 all at 240 all at 165 all at 85 all at 200 all at 200 
Resuscitation 3- 200 7- 200 volts volts ;. volts volts volts 
(No. of Dogs-, Volts) 5- 240 1- 275 
Countershock Attempts 2- 1 1- 2 4- 1 4- 1 1- 1 3- 1 1- 2 
Required For 4- 2 3- 3*' 2- 2 2- 2 1- 2* 1- 3 
Defibrillation 2- 3 4- 4 1- 4 1- 5 1- 4 
(No. of Dogs-, 2- 4 1- 9 
' 
2- 6 
No. of Attempts) 1- 6* i 1- 8 I 
Total Fibrillation Time 4 < 10 min. 1< 10 min. 3 < 10 min. 6 ( 10 min. 1- 6 min. 4 < 10 min. 2 < 10 min. 
(No. of Dogs-, Time) 3 > 10 min. 6 > 10 min. 4 >10 min. 4 > 10 min. 1 > 10 min. I 
4 > 20 min. 2 )20 min. I 
' 
No. of Dogs Resuscitated-, 11- 16 9- 10 7- 11 6- 12 1- 9 8- 10 3- 4 I 
No. Tried tl at 300 V. I I 
No. of Survivals, 4- 11 4- 9 4- 7 6- 6 0- 1 0- 8 2- 3 
' No. of Resuscitations tl at 300 V. I ' 
Type of Electrode Discs type (a)@ type (b)% type (c) ¢ type (c)¢ type (c)¢ type (c)¢ type (c)¢ I 
Utilized I ! 
I 
Average Min. of Fib, in 16- 8 14- 13 9- 101 6- 6 6- none 12- none 9- 9 I 
Dogs Resuscitated-, and l 
Dogs Surviving I I 
Average Min. of Fib. of 28-21-8 25-15-13 22-8-10 22-none-6 18-6-none 28-12-none 26-9-9 
"Non-resuscitated-," of 
i "Resuscit.-Non-surviving-," I 
of "Surviving" Dogs I 
No. of Volleys Received 1 < 30 1 <50 3 < 10 ' 2 < 10 3<5 1 < 30 1 -60 
by "Non-resuscit." Dogs 2- 30 1 < 15 3 < 20 4 (10 1 < 40 
(No. of Dogs-, 2 > 40 1 < 30 1 < 20 
No. of Volleys) I 
No. of Cases Exhibiting 0 0 1 I 1 0 0 0 
Arrest Without Beating 
Duration of Maintenance ~ < 12 hrs. ***a. 4 < 12 hrs. ***' 2 < 12 hrs. ~~~!. 2 > 36 hrs. 1 -12 hrs. 6 < 12 hrs. ~~~4' 1 < 12 hrs. 
of Circulation After ~ -12 hrs. ***' 1 -12 hrs. 1 -12 hrs. 2 > 6 hrs. 2 -12 hrs. 1 -36 hrs. 
Closure of Chest P.. -24 hrs. 4 > 36 hrs. 3 > 24 hrs. 2 -l(illed****~ 1 -killed***** I (No. of Dogs-, Time) 13 > 36 hrs. 1 -:tilled**** I 
-
) 
TABLE 8 
COMPARATIVE EFFECTS OF CONDEl~SER DISCHARGE COUNTERSHOCK 
WITH REGARD TO VARIOUS FACTORS {Series XII) 
1 Pattern of Countershock 
, 
1 Numb~r of' Dogs 
Voltage Required For 
Resuscitation 
(Numb.er' of Dogs-, Volts) 
Countershock Attempts Required 
For Defibrillation 
(Number of Dogs-~ · 
Number of Attempts) 
Total Fibrillation Time 
(Number of Dogs-, Time) 
(Include A. C. Group). 
No. of Dogs Resuscitated-, 
No. of Dogs Tried 
No. of Dogs Resuscitated With 
A.C. Af.'ter Failure With C.D.-, 
No. of' Dogs Tried 
~pe of Electrode Utilized 
A~erage Minuroes of Fibril-
lat~on of "Non-resuscitated-," 
of' "Resuscitated-non-surviv-
ing-," of' SurviYing Dogs-. 
(Number of Dogs) 
Sing~e (Spike) Condenser 
Discharge Shoe~ 
.3- 1000 
1- 1100 
2-:·,1200 
27- 1500 
8- 1 
4- 2 
4- 3 
4- 4 ~8- 5 
.3- 6 
1- 7 
1- 9 
(Does not add 
as 4 trials 
refibrillated) 
(Does not add 
as 4 trials 
refibrillated) 
Non 
[Resus. Resus. Surviv.l 
13 (10 min. u 
14 )IO'min. 0 
8 > 20 min. 2 
2 > 3o min. o 
1 ') 40 min. 2 
29- .38 
5- '9 
1.3 
14 
6 
l 
. b 
8 
4 
0 
Type (d)#, Type (e)$, Type (f)& I 
~5-13-11 
(9-16-13) 
16 i 
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TABLE 8 (Continued) 
COMPARATIVE EFFECTS OF CONDENSER DISCHARGE COUNTERSHOCK 
(Series XII) 
Duration of Maintenance of 
Circulation After Closure 
v of the chest (Includes A.C. Group) 
I 
12 < 12 hrs._ 
7- 12 hrs. 
4- 24 hrs.******' 
4- 48 hrse******' 
7 >48 hrs. J
1 
~============·==~========~F=====~============I 
I 
No. of Survivals-, 15- 29 li 
No. of Resuscitations 
With Drug Therapy: 
0~02 mge/kg. Ouabain (only) 
No. of Survivals-, 
No. of Non- survivals 
8- 1 
There were six out of twenty-nine cases of survival without 
the administration of any drugs. (Includes A.C. group) 
There were nine out of fifteen cases of survival with the 
administration of drugs. (Includes A.C. group} 
When 1 mg./kg. of morphine, 0.1 mg./kg. of atropine, and 
0.02 mg./kg. of ouabain were administered, one out 
of three dogs survived. 
When 1.0 mg./kg. of methoxamine, 0.5 mg/kg. of morphine, 
0.1 mg./kg. of atropine, and 0.02 mg./kg. ouabain 
were administered, there were no survivors in two 
cases tried. 
The one dog which received 10.0 mg. of morphine failed to 
survive. 
16 j 
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KEY 
TO TABLES 7 .AND 8 
Electrode biso Type: 
©(a) Flat stainless steel discs measuring 4.7 om. 
in diameter covered with wet saline gauze. 
%(b) Flat stainless steel discs measuring 4.7 om. 
in diameter covered with wet saline gauze. 
¢(c) Curved aluminium discs measuring 3.9 om. in 
diameter covered with wet saline gauze. 
#(d) Flat bare wire mesh discs measuring 3.9 om. 
in diameter utilized in ten trials. 
$(e) Curved bare stainless steel discs measuring 
3.5 om. in diameter utilized in twenty oases. 
&(f) Flat bare stainless steel discs measuring 
4•7 om. in diameter utilized in eight trials. 
*Refibrillated spontaneously. 
**Refibrillated up'on quick intraoardiao injection of 
epinephrine. 
***Received intraoardiao injection of epinephrine. 
****Purposely. sacrificed at the end of fourteen days. 
*****Purposely sacrificed at the end of four days. 
******One dog did not receiveCany penicillin. 
*fNO.Number of animals to which it ap:plied. 
14 k 
u u 
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TABLE 9 II 
RESULTS OF SUCCESSIVE ATTEMPTS AT A.C. COUNTERSHOCK DEFIBRILLATION IN TERMS OF 
, 
SURVIVAL IN 77 DOGS AFTER .AN INITIAL FIVE MINUTES OF ll\JDUCED VENTRICULAR FIBRILLATION !l 
Attempt 
1st 
2nd 
No. Resuscitated, 
No. Tr-ied 
Pattern Of' Countershock I Total No. 
9 of .3.3 
3 of 15 
1 of 18 
1 of 1 
1 of' 1 
Med~um Single Volley 
Volley of 5 in 1 sec.· 
Volley of 10 in 2 sec. 
Short Single Volley 
Long Single Volley 
7 of 2.3 Medium Single Volley 
4 of 21 Volley of' 10 in 2 sec. 
Resuscit. 
15 
12 
Total No. of 
Dogs Tried 
77 
62 
No. of 
Survivors 
9 
4 
1 of 7 Volley of 5 in 1 sec. 
i '•' l 
.3rd 6 of 18 Volley of 10 in 2 sec. · 7 51* 2 
1 of 8 Volley of 5 in 1 sec. 
4th .3 of 12 Volley of 10 in 2 sec. 
.3 of 20 Medium Single Volley ' 
7 42* 4 
1 of 4 Short Singte Volley 
5th 1 of' 6 Volley of 5 in 1 sec. 2 28* 0 
1 of 13 Medium Single Volley 
6th 3 of' 4 Volley of' 5 in 1 sec. 10 21* 2 
.3 of 8 Volley of 10 in 2 sec. 
2 of 6 Short Single Volley 
2 of 3 · Medium Single Volley 
Renee 24 dogs were given u:p while 53 were resuscitated; 5.3 were resuscitated in 77 cases 
lj *This is not mathematically correct as in some cases tne heart refibrillated while 
1
other cases the dog was considered as a f'ailure and hence f'urther attempts were not 
II 
in 
tried 
1-J ()'. 
1-J 
GRAPH 2 
, 
RESUSCITATION 8 SURVIVAL IN DOGS 
AS A FUNCTION OF DURATION OF FIBRILLATION 
BEFORE SUCCESSFUL A.C. OR CONDENSER DISCHARGE COUNTER-SHOCK 
20 
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~ ~ 6 
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TABLE 10 
CARDIAC PATHOLOGY INDUCED BY THE nqDICATED EXPERIMENTAL PROCEDURES 
Series III {18 Hearts) 
Screening of 
Veriloid 
Negative 
Negative 
Etherized, 
Chest Opened 
Negative 
Negative 
Slight brown Yellow-~rown 
''discoloration discolor-
:heart 0.8 em. base, 0.5 em. 
'! at base of ation at 
!out, epicardi- across ant-
tis, venous erior apical, 
!Congestion no signifi-jwith extravas- cant path-
tation, no tis- ology 
sue necrosis, 
no inflamma-
_jtion 
Etherized, Chest 
Opened, Hypoxia 
Negative 
Slight brown dis-
coloration at base 
post. microscopic 
granulomatous foci 
between muscle fi~ 
bers, no :parasites 
but high eosino-
philes. 
Yellow-brovvn dis-
coloration at base 
of ventricle, ant-
eriorly is moder-
ate epicarditis, 
venous congestion 
- 1 
Etherized, 
Chest Open, 
Fibrillate 
Negative 
Negative 
Grossly neg-
ative, myo-
carditis, & 
epicarditis: 
congestion 
with occas-
sional peri 
vascular 
hemm.orrhage 
no tissue 
necrosis,no 
infl8.liiltl.a ti 01 
Etherized 
Chest Open, 
Fibrillate 
Massage 
Negative 
Slight 
brown disc 
at base 
anteriorly, 
microscopic 
ally nega-
tive 
Grossly 
negative, 
microsco-
pic epi-
carditis & 
myocardial 
congestion 
.with extra 
vasation, 
no inflam-
mation, no 
tissue 
necrosis 
Over Etherized, 
Heart Arrested, 
Chest Opened, 
Massage 
Negative 
Grossly negative, 
epicarditis, mark 
ed venous con-
gestion 
Dark brown dis-
coloration of mid 
dle 1/3 of heart, 
anterior & post- ': 
erior involve epi 
carditis & myo-
carditis, only a 
little epicardi-
tis, venous con-
gestion with hem-
morrhage in lim- · 
ited areas, pat-
chy muscle necro-
sis & hemmorrhage 
with min. granulo 
-.e.ell jnfil tratj on 
1-' 
0'\ 
I:! 
u u 
TABLE 11 
CARDIAC PATHOLOGY CLASSIFIED ACCORDING TO RESUSCITATION, NON-RESUSC+TATION, 
NON-SURVIVAL AND NUMBER OF ALTERNATING CURRENT COUNTERSHOCKS 
-
Classif'ication INo. of'l Voltage- I Pathology I Length of' 
Dogs N~li65fl Ig~li~4o I Survival 
Non-Resuscitation I 1 I ~= <10 40 Gross discolorat~on at ant-Arter Many Volleys erior and poster~or apex, f'at necrosis and muscle 
f'iber necrosis {burns), 
I edema between f'ibers I 
I Resuscitation 4 4 10 No gross burns, patchy I 20 min. I Arter Many Volleys infiltration 
1 Non-survival 
I I I 5 I <lo I j <20 j Discoloration, patchy ne- I 12 hrs. I I crosis, cell infiltration 
I' 
I 10 10 10 Discoloration 2-3 mm. deep, I 0 min. 
I burns appeared on micros-I copic examination 
. -
I <20 Discolorationt myocardial r 12 hrs. 
I necrosis, patchy inf'iltra-tion, granulocytic cell inf'iltration 
I! 
H 
~ 
0 
II u u Q 
T.ABLE 12 
CARDIAC PATHOLOGY CLASSIFIED ACCORDING TO RESUSCITATION, SURVIVAL, 
AND NUMBER OF ALTERNATING CURRENT COUNTERSHOCKS 
Classification jNo. of 
Dogs 
Resuscitation I 3 
After a Few 
Volleys & Survival 
Resuscitation 
After Many 
Volleys & Survival 
4 
Voltage-
Number of Volleys! Pathology fLength of 
85 1 1651 200 1 240 Survival 
:<20 I (10 
10 
3 I !External he:mmorrhage with epicardt 2 days 
itis, necrosis, granulocytic cell 
infiltration 
1 1Epicardit1s, fibrinous discolor-
ation, necrosis and minut~ gran-
ulocytic cell infiltration 
2 !Discoloration, upper fibrinous 
epicarditis, thrombosis of. epi-
cardial veins, tissue edema, 
minute cell infiltration 
14 days 
(sacri-
ficed) 
1 day 
i<lO !Slight patchy fibrinous peri vas- 13· 5 days 
ation, disc, at apex, necrosis, 
inflammatory cell reaction 
. (20 
10 !Discoloration of apex, organiz-
ing epicarditis with edema in myo 
cardium, tissue necrosis 
Discoloration of apex, subepi-
cardial hemmorrhage, epicardial 
& myocardial necrosis, minute 
inflammation 
<20 ~30 !Discoloration at apex, apical 
myocardial necrosis & ed~ma, 
granulocytic cell infiltration 
& minor necrosis' 
5 days 
1 day 
1. 5 days I·· 
J-1 
0'-
'd 
u u 
TABLE 13 
CARDIAC PATHOLOGY GROUPED UNDER CONDENSER DISCHARGE AND DIRECT CURRENT 
I ' 
COUNTERSHOCK SERIES 
I 
Group . I No. of' 
Dogs 
Voltage 
No. of' Shocks 
200 I 1500 
Pathology Length o:f I Survival 1 
,I 
Condenser I 3 
Discharge 
Direct Current l 3 
1 
2 
Moderate congestion and very 
slight red blood cell extravasation 
in-terminal capsule ~ 
Moderate congestion, one vein 
thrombus, no other dif'f'erences 
5t I Organizing :pericarditis, non 
specif'ic trauma, microscopically 
only moderate congestion 
Reddish~brown discoloration, 
f'ocal calcif'ication of' muscle 
f'ibers microscopically. No 
evidence of burns could be 
detected in the sections 
14 days (sacri-
:ficed) 
14 days 
(sacri-
f'iced) 
14 days (sacri-
f'iced) 
1.5 days 
, In addition to condenser discharge shocks, 3 volleys of' alternating cu~rent 
at 200 volts was required f'or resuscitation. 
i 
I 
11 
I;" 
f-J ()'\ 
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Discussion 
According to many investigators (5,16,34,35,49,54), a 
rate of fifty to one hundred and twenty compressions per minute 
is the most efficient massage rate. Employing the bubble flow-
meter of Dumke and Schmidt, and postulating ·that the rate of 
blood flow in the aorta is the best criterion of efficiency of 
cardiac massage, Johnson (34) concluded that the fastest mas-
sage rate was most effective. The heart was stopped by ten to 
fifteen milliliters of saturated (25%} magnesium sulfate solu-
tion injected by vein. Average normal blood flow through the 
aorta before t~e injection of magnesium was 367 cc. per minute, 
while after cardiac arrest a massage rate of sixty compressions 
per minute and one hundred and twenty compressions per minute 
allowed a blood flow of 220 cc. and 266 cc. per minute in six 
dogs. After fifteen to twenty minutes of massage, blood flow 
in the aorta decreased significantly. Systolic pressure produc 
ed by cardiac compression was low (40 mm. Hg.). Johnson stated 
that practice is required in cardiac massage to obtain adequate 
blood flow. It is known that at high concentrations magnesium 
markedly dilates blood vessels and reduced systolic blood pres-
sure. Dilation of vessels could permit flow through low resist-
ance shunts which would allow the blood to pass from the aorta 
. :> leaving the cerebral and coronary arteries without circulation. 
Venous return to the heart may be unchanged when the shunts are 
present. It was found in this laboratory that although a mas-
sage rate of fifty compressions per minute initially increased 
17 
the blood pressure, continual massage at this rate leaves the 
heart in a very limp condition probably because it is unable 
~ to refill properly. In contrast to a massage rate of fifty 
compressions per minute, a rate of twenty-five is shown to be 
a more efficient massage rate in producing and maintaining ef-
fective MAP. As qan be seen from MAP readings, (table 2), a 
J 
massage rate of twenty-five compressions per minute enables 
the operator to maintain a nearly normal blood pressure for a 
period of approximately twelve minutes after the induction of 
fibrillation, thereafter receding very slowly. However, a def-
inite period of practice in holding the heart and for building 
the hand strength are required to obtain adequate blood pres-
sure by cardiac massage. This can be clearly noted after re-
viewing the standard deviations for massage MAP in their numer-
ical and likewise chronological order (series I-XII;with the 
exception of series I (b) which was done last). With a massage 
rate of twenty-five compressions per minute, sufficient o~~gen­
ation of the cortical and medullary regions of the brain was 
shovm by (a) maintanence of respiratory mmvements in every triaJ 
throughout the entire dur~tion of the experiment and (b) obser-
vations of the behavior of trhe surviving dog. Moreover, it 
seems difficult to believe that a massage rate of one hundred 
and twenty compressions per minute can be maintained for any 
appreciable pe~iod without fatigue of the operator. 
Consequently, the following practical re~uirements for 
effective massage seem indicated: (a} The direct observation 
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of the adequacy of mean blood pressure of the dog on the mer-
cury manometer; (b) the continuance of spontaneous respiration 
by the dog; and (c) the complete relaxation of the hand by the 
operator during slow massage of the heart to allow sufficient 
filling. 
It was noted in a majority of trials that respiratory 
arrest induced during the two minute fibrillatory period with-
out massage spontaneously recovers within one to two minutes 
after the commencem~Il;t ?f. .l!la_ss~ge._ ·--~fl~ ~:~ggth of. this arrest 
seems to depend upon the depressed condition of the animal and 
the efficiency of massage. ' 
It is logical that the effectiveness of countershock 
is partially dependent upon the oxygenation and the actual pres-
sure within the aorta which thereby insures adequate coronary 
blood flow. Of the eighty-three fibrillating hearts which were 
eventually returned to rhythmic beating by countershock, only 
two passed through a demonstrated phase of ca~diac arrest. This 
low incidence is attributed to (a) the continual adequate venti-
lation, (b) the careful maintenance of normal femoral MAP by · 
massage and (c) the resulting adequate oxygenation of the myo-
cardium.. 
Massage and epinephrine alone failed to defibrillate 
the heart in any of the cases tried. However, epinephrine did 
raise the effectiveness of massage MAP. Although epinephrine 
~as sometimes administered as a last resort to strengthen the 
redeveloped heart beat, epinephrine as also observed by many in-
19 
vestigators (5,9,21,41,86) increased the irritability or the 
myocardium and subjected the resuscitated heart to reribril-
lation in six out or nineteen cases. 
The resistance or the fibrillating heart directly 
measured with an alternating current ohmmeter ranged between 
l70 and 500 ohms. The resistance calculate~ by means of Ohm's 
Law was between 57 and 330 ohms. In confirmation of the re-
port of Mackay (46), it was found from measurements or voltage 
and current that as the value of the current used gradually in-
creased, the resistance of the dog heart gradually decreased. 
The resistance of the heart was likewise noted to be markedly 
different when measured by an alternating current ohmmeter 
directly where fractions of volts and current were not involved 
than when calculated from voltage and current readings during 
the application rof shocks. Mackay round the average resistance 
of the heart to be between 45 and 60 ohms. It appears; there-
fore, that the lower range or resistance measurements approach 
more closely to the true resistance of the heart. In contrast 
to the circuit without the presence or a heart, the voltage 
delivered rrom the resuscitator with a heart within the circuit 
was much lower. This voltage drop was surprising considering 
the size of the heart. 
In these experiments the minimum voltage required ~or 
consistent alternating current resuscitation is approximately 
165 volts. However, an increased percentage of resuscitation 
was round to result with both increased voltage and serial 
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defibrillation (8 out of 10 cases in series V and IX}. There-
upon, more extensive burns to the heart were usually produced. 
Resuscitation o~ the fibrillating heart was not decreased with 
increasing numbers of countershock attempts tried. After sub-
jecting the fibrillating heart to a countershock volley of 165 
volts for a ten second period in one case, the heart was too 
hot to be immediately massaged by the operator. Likewise, the 
same effects were observed after the application of direct cur-
rent countershock of 200 volts or above. Of the five fibrillat 
ing hearts subjected to direct current countershock, it was 
found that two hearts were resuscitated by a single shock in a 
minimum time of 0.4 seconds. In these experiments single con-
denser discharge and serial alternating current countershock 
were about equally effective (76% of 38 trials : 64% of 73 
trials). 
Contrary to the report of Hooker (32} who showed that 
the longer a heart fibrillated the more difficult and uncertain 
is resuscitation," it can be clearly illustrated {graph 2) that 
resuscitation and survival do not depend upon the duration of 
defibrillation and induced massage for as much as sixteen min-
utes. 
The position of the electrode on the ventricle could 
also be of importance in effective resuscitation. Kouwenhoven 
(41) placed the electrodes at the apex of the ventricle and at 
the right auricle. Mounting the electrodes on the right and 
left ventricle eliminated the stimulation of beating auricles 
21 
and the possible stimulation of the vagi. 
The use of stainless steel, aluminium, or wire mesh 
discs with or without gauze was not adequately investigated 
here. Theoretically, bare stainless discs and removal of the 
pericardium would allow a more effective transmission of cur-
rent to the heart. It would also seem advantageous according 
to Beck (30} to utilize a disc of maximum size so as to procure 
the largest surface area possible and to employ a metal pliable 
enough to be molded around the heart. This might permit a uni~ 
form c0ntact and a uniform diffusion of current over a larger 
surface area of the heart, thereby diminishing the likelihood 
of burns. However, this contention is still unproven. It must 
be remembered that saline pads over the electrode discs and the 
presence of an intact pericardium serve logically to partially 
protect the myocardium from burns. Other advantages for leav-
ing the pericardium intact might be;(a) to restrain dilation of 
the heart, (b) to lessen the danger of evolving refibrillation, 
and (c) t0 eliminate herniation of the heart through the peri-
cardium after surgery. 
The survival rate was forty-six percent in seventy-
five hearts resuscitated by alternating current or condenser 
discharge and supported afterwards only by epinephrine and pen-
icillin. This contrasts sharply vdth eight of nine survivors 
~ in the series supported by ouabain but the numbers are too smal 
in the latter series. 
Study of tabies 10, 11, 12, and-13 suggest the follow-
22 
ing inrerences: (a) The presence or discoloration on one sur-
race is only a natural phenomenon as opposed to its presence 
on both sides rrom massage or burns; (b) myocardial or epicar-
dial congestion without microscopic necrosis is signiricant of 
hypoxia; (c) extravasation, edema, and mild necrosis to marked 
necrosis with granulocytic cell infiltration are evidence or a 
burn; and (d) condenser discharge had the least deleteriou~ 
errect on the myocardium. 
A possible hypothesis ror the development of burns to 
the myocardium might be explained by the heat energy passed to 
the heart rather than the rate of energy applied to the heart. 
Upon representing the electrical anergy transferred to the 
heart, there may be an optimum point on the "strength"-time 
curve at which defibrillation can be accomplished with minimum 
risk for burns. That the likeliness for burns varies in a pre-
described manner along such a curve remains to be proved. 
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Sunrrnary 
Cardiac resuscitation from fibrillation in the dog was 
successfully accomplished by means of shocks of alternating 
current, direct current, and condenser discharge. Ventricular 
fibrillation was produced by applying low voltage alternating 
current to the heart of the etherized dog. Cardiac resistance 
measurements were taken. A massage rate of twenty-five com-
pressions per-minute proved most efficient for the dog heart as 
measured by production of maximal arterial blood p~essure. 
This massage rate enabled the operator to maintain a nearly 
~ 
normal MAP for a period of approximately twelve minutes·after 
the induction of fibrillation. Practice in massage was also 
shown to be an essential factor for effective MAP. Massage 
and epinephrine alone (3 mcg./kg./minute continually infused up 
to thirty-five minutes) did not defibrillate the heart in any 
of twelve trials. Of seventy-six fibrillating hearts which wer 
eventually returned to rhythmic beating by countershock, only 
two passed through a demonstrated phase of cardiac arrest. 
This low incidence was attributed to the careful maintenance of 
normal femoral MAP by massag~ and to. the resulting adequate 
oxygenation of the myocardium. Serial defibrillation by alter-
nating current countershock (10 rapid volleys within 10 sec.) 
at 240 volts (approximately 3 amperes) was found to be the most 
effective voltage for defibrillation, namely nine of ten cases. 
A single condenser discharge countershock ( 12.8 J)pf charged at 
1000 to 1500 volts and discharged through the heart alone) 
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resusqitated the fibrillating heart in seventy-five percent of 
thirty-eight trials. Condenser discharge had the least delete-
rious effect on the myocardium. Of forty-six cases resuscitat-
ed by alternating current countershock, twenty survived (24 
hours or more); of two cases resuscitated by direct current 
countershock, one survived; of twenty-nine cases resuscitated 
by condenser discharge countershock, twelve survived. 
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